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(57)Abstract: 



PROBLEM TO BE SOLVED: To permit the obtaining of a high heat exchanging 
performance even under the condition of energy saving operation, in which the 
flow rate of refrigerant is small. 

SOLUTION: A heat transfer tube with inner surface groove is made by a method 
wherein a plurality of grooves are formed on one side of the strip of a metallic 
sheet through rolling and a tube is formed so as to keep the surface, on which 
the grooves are formed, at the inside, then, the abutted ends are connected 
through welding. Two kinds of groove groups 1 , 2 having different pitches in the 
circumferential direction of the tube, having different twisting directions or 
having different twisting angles are arranged alternately in areas having different 
widths W1 , W2 in the circumferential direction of the tube. Further, the grooves 
having small twisting angle are formed on the area having wide width. When the 
width of the wider area is represented by a notation Wl and that of the narrower 
area is represented by another notation W2, it is specified that W1/W2=l.1-3.0. 
On the other hand, the smaller twisting angle is 40-20° and the larger twisting 
angle is 15-90" . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
dcunages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the front view of the heat exhanger tube with a intemal-surface-of-parietal-bone slot concerning the 
example of this invention. 

[Drawing 2] It is the development of the heat exhanger tube in which the shape of the quirk is similarly shown. 

[Drawing 3] It is the graphical representation showing evaporability ability. 

[Drawing 4] It is the graphical representation showing a condensation performance. 

[Drawing 5] It is the graphical representation showing evaporability ability. 

[Drawing 6] It is the graphical representation showing a condensation performance. 

[Description of Notations] 

Y 2'**** 

10: Heat exhanger tube 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the heat exhanger tube with a internal-surface- 
of-parietal-bone slot with which the energy-saving service condition with few refrigerant flow rates also has high 
temperature convertibility ability about the heat exhanger tube with a intemal-surface-of-parietal-bone slot used for 
heat exchangers, such as a room air-conditioner. 
[0002] 

Pescription of the Prior Art] What two or more sorts of slots were formed [ what ] in the internal surface of parietal 
bone of a metallic conduit, and raised the heat-exchange performance as a heat exhanger tube with a internal -surface- 
of-parietal-bone slot used for heat exchangers, such as a room air-conditioner, is well-known (JP,3-13796,A, JP,4- 
158193,A). 

[0003] The heat exhanger tube in which it makes it come in JP,3-13796,A among such conventional techniques to form 
tiie spiral slot which has the angle of the reverse sense mutually to a tube axis in the type where the inner circumference 
of a spool is divided into a spool internal surface of parietal bone with four or more even numbers is indicated. And 
while the aforementioned spiral slot is formed at constant pitch, the flat part which does not have a slot at a spacing 
suitably is prepared in the orientation of a tube axis. In this conventional heat exhanger tube with a intemal-surface-of- 
parietal-bone slot, the degradation resulting from an inversion of the slot by hairpin manipulation is prevented, the 
liquid thickness in a spool equalizes by **** operation of the condensate at the time of condensation, secession of the 
liquid from a slot intersection is promoted further, and the effect that a condensation performance improves is done so. 
[0004] Moreover, in JP,4-158193,A, the heat exhanger tube which formed two or more sorts of concavo-convex groups 
in the spool internal surface of parietal bone by predetermined width of face along the orientation of a tube axis is 
indicated. This concavo-convex group has parallel irregularity, and a protruding line and a slot are located by turns. 
Moreover, the concavo-convex group of 1 and the concavo-convex group which adjoins the concerned concavo-convex 
group differ in any one or more element in each element of a lead angle to a slot pitch, a slot dimension, the shape of a 
quirk, and the orientation of a tube axis of a slot. Furthermore, the case where the aforementioned concavo-convex 
group sets or more to three is indicated. In this conventional technique, the disturbance of the flowing of the refrigerant 
in a spool is carried out, and the effect of raising heat-conducting characteristic ability is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there is a fault shown below in such conventional techniques. 
First, in JP,3-13796,A, when the spiral slot which has the angle of the reverse sense mutually is prepared in a heat 
exhanger tube and it is used as an evaporator by the service condition with few refrigerant flow rates, refrigerant liquid 
does not spread uniformly in [ whole ] a spool, but there is a trouble where a heat-exchange performance falls. 
[0006] Moreover, also in JP,4-158193,A, if it is used as an evaporator by the service condition with few refrigerant 
flow rates when the spiral slot which has the angle of the reverse sense mutually is prepared in a heat exhanger tube, it 
will not spread uniformly [ refrigerant liquid ] in [ whole ] a spool, but a heat-exchange performance will fall. On the 
other hand, when the spiral slot which has the angle of the same orientation is prepared, the **** effect of a condensate 
falls at the time of condensation, the heating surface is being worn by the condensate, will become thermal resistance, 
and a heat-exchange performance will be reduced. 

[0007] this invention is made in view of such a trouble, and it aims at offering the heat exhanger tube with a intemal- 
surface-of-parietal-bone slot which can obtain a high heat-exchange performance under the energy-saving service 
condition with few refrigerant flow rates. 
[0008] 
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[Means for Solving the Problem] In the heat exhanger tube with a intemal-surface-of-parietal-bone slot manufactured 
by the heat exhanger tube with a intemal-surface-of-parietal-bone slot concerning this invention carrying out the rolling 
molding of two or more slots in one field of ******** material, ****ing this slot forming face inside, fabricating it 
tubular, and carrying out the weldbonding of the comparison edge While the twist angles to the orientation of a tube 
axis differ, two or more sorts of ****s from which the twist orientation is different are arranged by turns to the field of 
the width efface which is different in a spool circumferencial direction, the aforementioned slot is twisted in the field 
where the aforementioned width of face is wide, and an angle is characterized by forming the parvus slot 
[0009] When the aforementioned **** is two kinds, it is desirable to set v^dth of face of the field with wider width of 
face to WlAV 2= 1, 1 or 3.0, when width of face of the field with narrower Wl and narrower width of face is set to W2. 
In addition, these Wl and W2 are a circumference in the spool internal surface of parietal bone in which the slot was 
formed. 

[0010] Moreover, when the aforementioned **** is made into two kinds, as for the aforementioned twist angle, it is 
desirable that the method of the parvus is [ 4 or 20 degrees, and the larger one ] 15 or 90 degrees. 
[001 1] In the invention in this application, since refrigerant liquid tends to spread in [ whole ] a spool and also produces 
the turbulent flow effect further at the time of vaporization by distributing by turns two or more kinds of ****s from 
which the degree of torsion angle to the orientation of torsion and the orientation of a tube axis of a slot is different to 
the field in which width of face is different in a spool circumferencial direction, the heat-exchange performance in 
which the service condition with few refrigerant flow rates is also high is obtained. 

[0012] On the other hand, a **** operation of a condensate arises at the time of condensation, the heating surface 
always contacts a refrigerant gas, and continuous condensation occurs. Furthermore, in the fraction with a large twist 
angle, since the liquid issue by gravity is promoted, a high heat-exchange performance is obtained also on the 
conditions with few refrigerant flow rates. 
[0013] 

[Embodiments of the Invention] Hereafl:er, the example of this invention is concretely explained with reference to an 
accompanying drawying. The front view of the heat exhanger tube with a internal -surface-of-parietal -bone slot which 
drawing 1 requires for the example of this invention, and the drawing 2 are developments of the heat exhanger tube in 
which the intemal-surface-of-parietal-bone slot is shown. Two kinds of ****s 1 and 2 are formed in the internal surface 
of parietal bone of a heat exhanger tube 10. That is, as shown in drawing 2 , a torsion angle [ as opposed to the 
orientation of a tube axis in **** 1 ] is the aggregate of a parvus slot, and **** 2 is the aggregate of the slot where the 
torsion angle to the orientation of a tube axis is bigger than **** 1. These ****s 1 and 2 are formed in the field of Wl 
and W2 (Wl> W2) with the circumference in a spool internal surface of parietal bone at the spool circumferencial 
direction, respectively. Moreover, as shown in drawing 1 , the slot pitch of the spool circumferencial direction of **** 
1 is the parvus from the slot pitch of the spool circumferencial direction of **** 2. Although each **** 1 and 2 is 
arranged by turns at the spool circumferencial direction, it is continuously formed in the orientation of a tube axis. 
However, in order to connect a fin with a heat exhanger tube 10, the flat part which does not have a slot at a spacing 
suitably may be prepared in the orientation of a tube axis. 

[0014] The shape of such a quirk imprints the shape of a quirk which is shown in drawing 2 by rolling molding to one 
field of a metal strip plate, can carry out the slot forming face inside, can fabricate this metal strip plate tubular, and can 
manufacture it by carrying out the weldbonding of the matching edge further. 

[0015] Next, an operation of the constituted heat exhanger tube with a intemal-surface-of-parietal-bone slot is 
explained like ****, First, when using a heat exhanger tube as an evaporator, refrigerant liquid is supplied in a heat 
exhanger tube. Then, if the slot where a configuration element (a slot pitch, the degree of torsion angle, or the 
orientation of torsion) is different in a heat exhanger tube internal surface of parietal bone is distributed by the 
manipulation width of face which is different in a spool circumferencial direction as shown in drawing 2 , refrigerant 
liquid is influenced of the shape of a quirk with the wide manipulation width of face of a circumferencial direction, and 
it becomes the revolution style in alignment with the twist angle of the concerned slot, and it will spread in the whole 
heat exhanger tube wall, and evaporability ability will become high 

[0016] In this case, since the twist angle over the orientation of a tube axis of the slot in the slot formation field where 
width of face is wide is accompanied by the turi)ulent flow in the field where the width of face from which it is easy to 
produce a revolution style also under the low rate-of-flow condition with few parvus and the flow rates of refrigerant 
liquid, and the shape of a quirk is further different is narrow, high evaporability ability is obtained. 
[0017] On the other hand, when using a heat exhanger tube as a condenser, a refrigerant gas is supplied in a heat 
exhanger tube. A refrigerant gas is condensed and liquefied by the whole heat exhanger tube wall. As for the 
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condensate in early stages of liquefaction, for a parvus reason, at this time, a revolution style is suppressed for the 
inertia of flowing by the slot of the slot formation field where width of face is narrow. Consequently, it is prevented 
that the condensed liquid is wearing the whole heating surface, the heating surface always contacts a refrigerant gas, 
continuous condensation produces it, and a condensation performance becomes high. 

[0018] In this case, in the field where the twist angle of a slot is large, it is tended to discharge gravity a condensate at 
the lower part side of a heat exhanger tube, and the condensation performance in which it is high also under the low 
rate-of-flow condition with few flow rates of refrigerant liquid is obtained. 

[0019] If it **s and Wl and the aforementioned width of face of a narrow field are set to W2 for the aforementioned 
width of face of the slot formation field where the width of face of a spool circumferencial direction is wide, W1AV2 
will be offset less than by 1.1 by the slot where orientation is [ a refrigerant style ] different under the condition with 
few refrigerant rates of flow at the time of vaporization, it will be hard coming to generate a revolution style, and 
evaporability ability will fall. On the other hand, if W1AV2 exceed 3.0, at the time of condensation, it will become easy 
to produce tfie revolution style of a condensate along the slot of the slot formation field where width of face is wide, 
burying of the heating surface will arise, and a condensation performance will fall. Therefore, as for W1AV2, it is 
desirable that it is 1.1 or 3.0. 
[0020] 

[Example] Hereafter, the heat exhanger tube with a intemal-surface-of-parietal-bone slot of this invention is actually 
manufactured, and the result which compared the heat-conducting characteristic ability with the example of a 
comparison which shifts from this invention is explained. On one front face of a copper plate, the slot of the shape of a 
trapezoid which set the slot pitch in the depth of 0.2mm, and a slot right-angled cross section to 0.2mm The 
manipulation width-of-face ratio of a spool circumferencial direction was made to correspond in the orientation of the 
board width, and W1AV2 made 3 degrees, 7 degrees, 20 degrees, and the twist angle of the slot of the field of width of 
face W2 15 degrees, 20 degrees, 60 degrees, and 90 degrees for 1.0-3 ,5, and the twist angle of the slot of the field of 
width of face Wl, and they prepared the field of Wl, and three pairs of fields of W2. Roll rolling performed molding of 
a slot, after that, tiie recessing side was carried out inside, crosswise, the board width edge was compared with slight 
roundness, the plate was welded, and the heat exhanger tube with an outer diameter of 7.0mm was manufactured. 
[0021] The above-mentioned heat exhanger tube has been arranged inside a double tube-type heat-exchange machine 
with a length of 3000mm, conduction of the refrigerant was carried out into the spool of a heat exhanger tube, 
conduction of the water was carried out to the annular section between a heat exhanger tube and an outer tube, it carried 
out the heat exchange to it, and heat-conducting characteristic ability was measured. 

[0022] With the heat exchanger using the copper tube with an outer diameter of 7.0mm, although the refrigerant flow 
rate at the time of rated-capacity operation was about 30kg/h, it carried out this time by the refrigerant flow rate of 
20kg/h below a rated condition. 

[0023] It is the graphical representation drawing 3 shows an evaporative test, drawing 4 shows a condensation test 
result, all take W1AV2 along a quadrature axis, drawing's 3 taking evaporability ability, and drawing's 4 taking a 
condensation performance along an axis of ordinate, and showing each performance. In drawings 3 and 4, the example 
1 or 6 and the example 1 of a comparison, or 2 has the twist angle (Wl section and W2 section) shown in the following 
table 1. 
[0024] 
[Table 1] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



5/2/02 



Page 4 of 5 





WifissnA ( ) 


Wilf^tlA ( ) 




1 


7 


1 5 




2 


7 


2 0 




3 


7 


6 0 




4 


7 


90 




5 


2 0 


60 




6 


2 0 


9 0 




1 


3 


1 5 




2 


3 


6 0 



[0025] If W1AV2 exceed 1 . 1 at the time of vaporization so that clearly from drawing 3 , a revolution style will arise in 
a refrigerant and a performance will improve rather than the case where W1AV2 are 1.0. When a slot formation field 
was twisted to the large field of Wl and the slot whose angle is 7-20 degrees had been arranged especially, high 
evaporability ability was shown. 

[0026] If width of face is twisted to the large slot formation field 1 on the other hand and the slot whose angle is 30 
degrees is arranged, evaporability ability will fall rather than the above-mentioned case. This cause is because it was 
hard coming to generate the revolution style of a refrigerant and it will be easy being got dry by the heat exhanger tube 
upper part under the condition with few refrigerant flow rates, when a twist angle is as large as 30 degrees. 
[0027] On the other hand, degradation will become remarkable, if W1AV2 maintain a high performance in the 3.0 or 
less domain at the time of condensation and W1AV2 exceed 3.0 so that clearly from drawing 4 . When width of face 
was twisted to the large slot formation field Wl at the time of condensation and the angle had arranged the large slot, it 
is in the inclination that a high condensation performance is obtained, and the case where it was twisted to this field and 
the slot whose angle is 30 degrees had been arranged showed the highest performance. 

[0028] The latest air-conditioner has air conditioning combination in use, and, as for both the performances of a heat 
exhanger tube, what has the high both sides of vaporization and condensation is demanded. For this reason, it is 
desirable to set width of face of the slot formation field with the wider width of face of the above-mentioned example 
to a spool circumferencial direction to W1AV2=1. 1-3.0, when setting width of face of Wl and the slot formation field 
of the narrower one to W2, and to make 4-20 degrees and the degree of slot torsion angle of a narrow field into 15-90 
degrees for the slot twist angle of a large field by the torsion of an opposite direction. 

[0029] About W1AV2, in order for both vaporization and condensation to obtain a high performance, it is good to be 
preferably referred to as W1AV2=1. 5-2.5. The drawing 5 and the drawing 6 are graphical representations taking 
evaporability ability or a condensation performance along an axis of ordinate, taking a refrigerant flow rate along a 
quadrature axis, and showing the result of an evaporative test and a condensation examination, respectively. The 
example 7 shown all over drawing and the examples 3 and 4 of a comparison have the twist angle (Wl section and W2 
section) shown in the following table 2. 
[0030] 
[Table 2] 









W,/W, 




7 




£60' 


2. 0 


mm 


3 




fel5" 


1. 0 




4 


5- 


:&1 5' 


1. 0 



[0031] As shown in drawings 5 and 6, the example 7 of the invention in this application is excellent in each of 
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evaporability ability and condensation performances as compared with the examples 3 and 4 of a comparison from 
which W1AV2 separate from the domain of a claim 2. 

[0032] As mentioned above, the refrigerant flow rate at the time of rated-capacity operation was conventionally 
designed by heat exchangers, such as an air-conditioner using the copper tube with an outer diameter of 7.0mm, by h in 
about 30kg /. However, the power load reduction of a compressor is recently demanded from the point of energy saving 
and efFicient-izing. In this case, although it is necessary to obtain the conventional rated capacity in the service 
condition with few refrigerant flow rates, since a high performance is obtained like **** under a few service condition 
called 20kg/h in a refrigerant flow rate, the heat exhanger tube with a intemal-surface-of-parietal-bone slot concerning 
the invention in this application makes a remarkable contribution to energy saving and eflficient-izing of a heat 
exchanger. 
[0033] 

[Effect of the Invention] As explained above, if the heat exhanger tube with a intemal-surface-of-parietal-bone slot 
concerning this invention is used for heat exchangers, such as a room air-conditioner, the heat-exchange performance in 
which it is high also under the energy-saving service condition with few refrigerant flow rates will be obtained. For this 
reason, this invention makes a great contribution at the request of energy saving of the latest heat exchanger, and 
efficient-izing. 



[Translation done.] 
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